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COMPLETE SPECIFICATION 

Electrolyte or Electroless Plating Process 



We, International Business Machines 
Corporation, sl Corporation organized and 
existing under the laws of the State of New 

' York in the United States of America, of 

5 Annonk, New York 10504, United States of 
America (assignees of Jean Paul Lenoble, 
Bruce Paul Piggin, Anton Max Setzer 
and Eric Vaughan), do hereby declare the 
ravention for which we pray that a patent 

10 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 
This invention relates to electrolytic or 

13 electroless deposition on a workpiece. 
According to one aspect of the inven- 
tion there is provided a^method of electro- 
lytic or electroless deposition on a work- 
piece nsing an insulating masking means 

2t) defining one or more openings extending 
firom an otherwise impermeable engage- 
ment surface of the insulatiiig masking 
means, and a porous support member, in- 
cluding placing said engagement surface 

25 liom which said one or moxe openings 
extend against the workpiece so that the 
workpiece seate one end of each of said one 
or more openings, the opposite end of each 
of said one or more openings being covered 

30 by said support member which backs and 
exerts nressure against said masking means, 
and effecting deposition by an electrolytic 
or electroless process selectively on the 
woik^ece on the area or areas thereof re- 

'33 gistering with said one or more openings 
using a deposition solution present in said 
one or moore openings and in said support 
member. 

According to another aspect of the in- 
40 vention there is provided" a method of 
electrolytic or electroless deposition on a 
workpiece using an insulating maskuig 
means defining oto or move openings ex- 



tending from an otherwise impermeable cor^ 
gagement surfaoe of the insulating masking 45 
means, and. a porous support member, in- 
cluding bringing said engagement surface 
from which said one or more openiihgs ex- 
tend into engagement with the workpiece so 
that the workpiece seals one end of at least 
said one or more openings,, the opposite 
end of said at least one opening being 
covered by said support member which 
baclK and exerts pressure against said* 
masking means, and effecting deposition 'by 35 
an electrolytic or electroless process selec- 
tively on the workpiece on the iarea or areas 
thereof registering with the opening or 
openings sealed by the workpiece using a 
deposition solution present in said suppqri 60 
member and in tiie opening or opening^ 
sealed by the workpiece". 

The insulating masking me^'in effect 
acts as a mould for the material being de- 
posited on the workjnece. 65 

The invention will Ije further explained . 
by way of example with reference^ to the 
accompanying diagrammatic dntYmigs m 
which: — ' 

Fig. 1 is an enlarged cross-sectionar de- 70 
tail of two laminated components . being 
used for canying .out the- invention accord- 
ing to a first method: 

Fig. 2 is a horizontal cross-sectioit show-' 
ing how tiie <;omponents of Fig. 1 can. be' 75 . 
pressed together; - ' . 

Fig. 3a is a vertical cross-section of 
another form of apparatus for carrying, out 
the invention according to another method; 

Fig. 3b is a perspective view of part of 80 
the apparatus shown" in Fig. 3a: 

Figs. 4a to 4e illustrate the cross-sections 
of a number of conducting elemen^ which 
can be deposited accordittg to the inven- 
tion; * 85 

Fig, 5 is a oross-sectional view of a 
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. composite "printed" circuit which can he 
fomfed by a method in accordance with 

• the invention; ' . , , • c 

■ Fig. 6 is a partly sectioned plan view of 
5 another form of apparatus for carrying ont 

the invention accordmg to a furthaii 

■ "^^V is a hiwizontal cross-section of 
anot&r form of apparatus if^^^°^. 

10 the invention accordmg to a further method. 
Fig. 8 is a view taken on the line 9-9 

9* is a cB»8-secti<m taken on the 
line 10-10 of Fig. 7; and . , 

IS Fiff 10 is a vertictd cross-section of an- 

■ oth« form of apparatus for carrying out the 
iHTCntion. ^^^^ ^ laminated anode com- 
wneiit 14 and a laminated cathode or work- 

20 piece component 15- The fTrtowWcJ 
comprises a porous metal plate 16 to winch 
an insulating shest-like maskmg means 17 is 
bonded, and the masking means 17 de- 
fines an opening 18 extendmg from an 

25 otherwise impermeable engagement surface 
19 of the masking means. A recess 20 is 
formed in the olate 16 and communicates 
with the opening 18. The componmt 15 
coSpSsTn i^ulating substrate 22 m 

30 which a thin layer 23 of metol; e.g. coppa:. 
L deposited by a suitable technique such as 
vapomr depositicm. or electroless deposi- 

'*°The components 14, 15 are faiun^d in 
3S an electrolyte bath (not shown in Fig. i; 
and are pressed together, vnth the enga^ 
msnt surface 19 abuttmg the layer 23. so 
that electrolyte is trapped m the opening 

• 18 and in the recess 20. and so that the 
4() layer 23 seals the lower end of the oiening 

8 as seen in Fig. 1. the electrolyte bemg 
foioed out ftom all areas between tiie en- 
gagement surface 19 .and the layer 23 
Etectrical connections shown only dm- 
45 giammaticatly in Fig. 1 a» made to the 
Diate 16 and to the layer 23. and cunwit 
S^sed from the plate .16 which const.- 
totTa soluble anode, via the elertioj^ 
in Ae opening 18. recess 20 and pores (not 
SO Sw^iafthe plate 16 to the layer 23 which 
ft^cathode. Thus metal from the.electro- 
lyte and dissolved from the anode is depo- 
sit^ the layer 23 as shown at 25, the 
a M of the' opening 18 ^ tt^^f 
5S iag masking means m effect acting as a 
id. for material bemg deposited on the 
workmece. provided that the engagement 
makes good sealing contact wito 
the layer 23 round the periphery of the 

^'^ThfanL component 14 may.be made 
for l-cSiple by -applying an insula^ 
. photosensitive resist ooatmg to a copper 
' llate. exposing the coatmg to light m pre- 
65 .%OTnin& arias, developing the coating so 



that parts thereof which have not been . 
Heht-hardened are removed, and etchmg . 
the copper plate through the openm^ , 
formed "fiy the development m the wat^ ^ . 
to produce recesses such as- 20. The size /u _ 
and shape of the opening 18 where it opens , 
into the engagement surface 19. is ^ter- 
mmed accurately by die exposure step. How- 
ever, from the engagement surface, tte 
walls 26 of the opening 18 incline mwaidly 73 
the effect being more pronounced with- 
thicker layers of photosensitive resist, dtte • 
to the nature , of the photosensiuve reset 
and the development process, so aat flie 
size and shape of the opemng 18 adjac^ 80. 
the plate 16 cannot readily be medictoa 
with accuracy. This raediod is therefore 
most suitable where accuracy of tte base 
dimensions of the deposited metal Z5 is a 
primary consideration. . 

The two components 14, 15 may De 
pressed together by ajmaratus shown m 
horizontal cross-section m Fig. 2. Electro- 
lyte is placed in the space 30. and fluid 
liider pressure: e.g. water or air. is oon- 90 
nected to the two pipes 31. 32 so as to 
ertend two rubber sheets 33. 34 which , are 
sealed to side walls 35. . 36 respectively, to^ 
wards one another. The component I> 
aie initially olaced between the sheets 33. 95 
34 in die electrolyte spaced from one an- 
odKa- so that the electrolyte fills die recesses 
20. and dien the fluid under pressure » 
connected to the pipes 31. 32. 

An acid copper sulphate solution can be 100 
used as the electrolyte, and the cunent deur • 
sity and plating time can be readily calcu- 
lated having regard m particular to the re- 
quired dimensions of the deposited metal; 
The current density should be less than IU3 
that at which gas bubbles occur m flie • 
electrolyte. The choice of electrolyte d^ 
pends inter alia on the metal to be plated 
and the kind of deposit to be formed: e.g. 
bright copper or dull copper. a»d 110 
whether a constant concentratKHi of meat • 
ions can be maintained in the electrolyte 
during deposition, usmg a soluble anode. 

When the plating has been competed, the 
current is turned off. the fluid pressure to 115 
the pipes 31. 32 is discramected. and the two 
compraents 14. 15 are withdraTOi from the 
electrolyte and sepaiated perpendioilariy to 
one another and raised in water. The com- 
ponent 15 is then subjected to a hght etch- 121- 
tog process just sufficient to remove to 
p£ts of the layer 23 not covered by the 
deposited metal 25. 

Xn important advantage of die method 
is that die anode component 14 can he 125 
used many times on different, wodcpicw . 
components 15 widiout requinng a new 
masking means 17. , . 

As regards the insulating maskmg means; 
a photosensitive sheet or layer is most suit- 130 



1,098,182 



3 



able for complicated patterns of opening?., 
Exam^es of photosensitive resist which can 
be used are Kodak (Trade Mark) Resist 
KPR or KOR or PGR, or jrolyvinyl alcohol. 
5 Alteratively, photopolymerizable sheets or 
layers can be used such as photosensitive 
nykm. . 

Instead of using photosensitive matenai 
for tiie insulating maskmg means, non- 
10 photoseaisitive insulating material can be 
used. For example the insufating masking 
means may be "plastics sheeting in which 
opwitogs are formed, e.g, by punching while 
the sheeting is seoarate from the anode 
15 plate (16 in Fig. l"). Alternatively, the in- 
sulating masking means may comprise 
plastics material which is coated on the 
aBode plate and then scribed mechanically 
or with' an electron or laser beam. 
^0 The apparatus shown in Fig. 3a can be 
used for plating both sides of a workpieoe 
simultaneously and comprises a tank 40 
to which a lid 41 is secured by bolts 42. 
The lid has an opening 43 bounded by a 
15 downwardly extending flange 44. and a strip 
metal frame 45 (see Fig. 3b) is secured to 
the fla'nge. and a flexible impermeable bag 
46 made for example of rubber or a syn- 
thetic plastics material and dimensioned 
30 larger than the frame 45 is fitted over the 
frame and fastened (by means not shown) 
in sealing relationship to the flange 44, 
Thus the tank 40, the lid 41 and the bag 
46 define a sealed compartment 47.* 
35 Ultrasonic transducers 48, 49 and a 
thermostatically controlled heater 50 aie 
mounted oa the walls of the tank 40. and a 
pipe 52 is connected to the lid and leads 
through to the compartment 47. The pipe 
40 52 is connected to a pressure gauge 53, and 
to inlet and outiet pipes 54 and 55 respec- 
tively, each of which is fitted with a shut- 
off valve. An upstandmg flange 57, which 
is secured to the lid, defines an overflow 
45 compartment 58 which communicates with 
the interior of the bag 46. 

In use, the tank 40 is filled with liquid, 
e.g. water, and the lid 41 is bolted in place. 
Electrolyte is then poured into the bag 46, 
50 almost to the level "of the flange 44, and a 
loose assembly comprising a cathode com- 
ponent 59 disposed between two anode 
components 60, 61 is placed in the electro- 
lye in the bag. The components are main- 
55 tained in registering relationship by means 
of ; insulating guide pins (not shown), e.g. 
provided on the cathode component and 
engaging ho!es in the anode componenls. 
the guide pim i)ermitting the components 
eo to separate from one another a short 
distance. The cathode component emprises 
an insulating subdtrate which has been 
metallised on both sides, and each anode 
component is formed as explained with re- 
65 reference to Fig. 1. Electrical connections 



to the components axe shown diagrammatic- 
^y in Fig. 3a. 

The ultrasonic transducers 48, 49 are 
Operated at 40 Kcps to drive out any air 
bubbles in die electrolyte between the 7l> 
components, and the. inlet pipe 54 is con- 
nected by the shut-off valve to the com- 
ponent 47 to pressmdse it and to- force 
the walls of the bag 46 inwardly against 
the anode components. The inlet pipe 54 75 
may for example be connected to a water 
mains service pipe. Thus the anode com- 
ponents are pressed tightly against, the 
metallised surfaces of 5ie cathode com- 
ponent by the oressure in the compartment 80 
47, and electrolyte displaced from the bag 46 - 
enters the overflow compartment 58. The 
heater 50 maintai'us the temperature of the 
electrolyte at a suitable level, and the cur- 
rent to the components 59, 60, 61 is 85 
switched on for a predetermined period. 
Filially, the outlet pipe 55 is connected to 
the compartment 47 by its shut-off valve 
in place of the inlet pipe 54, and the electro- 
lyte flows from the overflow compartment 90 
back into the bag 46 to release ttie com- 
ponents 59, 60, 61. The components are 
withdrawn together, and separated from 
one another perpendicularly prior to wash- 
ing the cathode component with water, and 95 
li^tly etching it. 

In one experiment, the bag 46 was filled 
with electrolyte, one litre of which had the 
following composition: — 
Copper sulphate 200 grams 100 

Sulphuric acid (Specific gravity- . 

1.84) ■ - 31 cc. 

Potash alum 12 grams 

Distilled Water balance . 

An etchant comprising a saturated solu- 105 
tion of sodium K>r potassimoa dichromate in 
distilled water contaming 5 to 10% sul- 
phuric acid of specific gravity 1.84 can be 
used to remove &e initial copper metallisa- 
tion where it had not been covered by 110 
elcctrolyti<ally deposited copper. Apart 
from its etching function the acidiOed 
dichromate solution also serves to clean 
and render passive the electrolytically de- 
posited copper. Ferric chloride etching solu- VI 5 
tion can be used instead of the dichromate 
solution. 

In Older to prevent copper being elec- 
trolytically deposited on the cathode com- 
ponent in areas outside the boimdaries de- 120 
fined by the opening in the , marking means 
(see reference 17 of Fig. 1), good sealing 
contact must be established between the 
masking means and the cathode .com- 
ponent. Such contact depends in the 125 
case of the components illustrated in Fig. 
3a on the flatness of the co-operating inter- 
faces, and the pressure with which they are 
forced together. Riesults are. generally in- 
proved if the cathode component 59 and 1.10 
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die masking means are resiliently com- 
pressible to a limited degree, rather 
than rigid* It should be. noted that th<? ad- 
hesion of the cojmer metallisation to the 
5 cathode component 59 should be sufficient 
to enable the masking means to be sepa- 
rated from the cathode component after the 
eletcrolytic deposition process without re- 
moving the metalHsation and the electro- 

10 lytically deposited copper. 

If desired, conducting elements of vary- 
ing section can be deposited on a cathode 
component by a method according to the 
invention, using a masking means with an 

15 opening tlierein shared complementarily to 
the conducting elcraent. A number of such 
conducting elements are shown in Fig, 4, 
all of which allow the masking means to be 
separated from the cathcjde component after 

20 the deposition has beeii completed. Fig. 
4a shows a "T"-section conducting line 
Fig. 4b shows an "L"-section conductmg 
line. Fig. 4c shows a trapezoidal-section 
conducting line. Fig. 4d. shows a land with 

25 a "pm", and Fig. 45 shows a conducting 
line of variable thickness. 

Also, composite multi-layer "printed" 
circuits can be formed by a method in 
accordance with the inventjoa. Fig. 5 shows 

30 such a composite circuit, the conductmg 
elements numbered from 82 to 88 being 
formed on a cathode component 89 m a 
single deposition urocess using the appa^ 
ratus of Fig. 3a. The conducting elements 

25 82 to 85 may each be as shown in Fig^ 
4d. and the elements 82. 83 and 84. 85 form 
two . capacitors. The reference 86 denotes 
a plated-through hole which connects con- 
ducting elements 87. 88 disposed on oppo- 
. 40 site sides of the cathode component 89. 
AJter the elements 82 to 88 have been 
formed, and the cathode component has 
been lightly etched to remove the metallisa- 
tion thereon on which metal has not been 

45 deposited electrolytically. the sample is 
made flat by filling the snaces between the 
elements 82 to 88 with an unciucd resin 90. 
e.g. an epoxy resin, curing the resin, and 
grinding, polishing and cleaning the oppo- 

50 site surfaces of the sample so that the outer 
surfaces of the "pins" of the elements 82 
to 88 are flush with the surfaces of the 
resin 90. 

The opposite surfaces of the sample are 
55 then metallised* and the conducting ele- 
ments 91 to 96 ate formed by a ftirther 
single deposition process similar to the pre- 
vious eme and also in accordance v/ith the 
invention. 

150 This technique for forming multi-layer 
circuits can be used for examnle to make 
"printed" circuit coils, or multi-plate capa- 
citors. . I 
Fig. 6 is a pardy-^sectioned plan view of 

^5 another form" of apparatus for carrying out 



the. invention according to another method. 
The apparatus comprises a tank 100, to 
one end of which is sealed a flexible bag 
101 which can be inflated through a pijs 
102. A permeable support grid 103 b 70» 
secured to and extends across the tank 100. 
When the bag 101 is inflated, it press^ a 
cathode component 104 against a mask 105 
which is held in place by the grid- 103. ' 

The cathode component 104 may be the 75 
same a$ that sho\^Ti at 15 in Fig. 1. The 
mask 105 comprises a support mem- 
ber 107 made of an opren-cened 
porous synthetic elastic material. e.g. 
polyvinyl chloride, polythene or polystyrene, 80 
to which is bonded an insulating maslcmg 
means 108. Porous materials other than 
porous synthetic plastic material may be 
used for the support member 107. e.g. 
pcirous smtered glass. The insulating mask- 85 
ing means 108 is formed by bonding a 
sheet of photopalymerizable plastics material 
to the support member 107, and suitably 
exposing and developing the sheet. This pro- 
cedure. can be used for insulating maskmg 90 
means of any reasonable tliickness, whereas 
when a photosensitive resist is used, the 
thickness should preferably not exceed 
0.0003'' to avoid the convergency of open- 
ings formed in resist layers of greater thick- 95 
ness. The photopolymerizable sheet can be 
bonded to the supnort member 107. e.g. 
by a bond produced by a suitable heat 
process where the plastics material is 
theaimoDi.i5tic. or by a suitable solvent lOQ 
for the* plastics material. In all cases, the 
openings formed in the insulating masking 
means must communicate with the support 
member 107 so that electrolyte placed in the 
tank can penetrate the openings by way 105 
of the porous support member* 

An anode component 110 is also placed 
in the electrolyte in the tank but its posi- 
tion is not significant. Eleotrfcal connections 
to the anode and cathode compraents ate ItO 
shown diagrammatically. Relatively large 
pieces of matter resulting from decomposi- 
tion of the anode can be prevented from 
reaching the support member 107 and clog- 
ging it by. for example, placing the anode 115 
in a permeable bag. "or in a wad of glass 
fibre held in place by a synUietic plastic 
net* 

It is believed that further details of the 
apparatus shown in Fig. 6 are unnecessary fZO 
in view of the preceding description. Plat- 
ing takes place through the support member 
107, Tlic bag 101 can be replaced by an 
arrangement for holding the cathode com- 
ponent 104 in contact with the mask 105 125 
by suction; e.g. applied to the surface of 
the mask 105 opposite that co-operating 
with the cathode component. . Such suction 
may also' serve to cause electrolyte to cir- 
culate in the <^nings of the mask. A de- 130 
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tailed description of an arrangement for 
circulating electrolyte is ^ven with reference 
to Figs. 7 to 9. 
The apparatus of Fig. 6 may be used 

5 to deposit a metal electarolytically on the 
cathode component, which metal is resistant 
to the etching fluid subsequently used to 
remove the metallisation on the cathode 
component on which the metal has not 

10 been deposited electrolytically. For ex- 
ample, gold may be deposited electrolytic- 
ally using a conventional gold plating bath, 
and the cathode component may then be 
etched using a fsiric chloride solution 

15 against which gpld is highly resistant. 
Alternatively, a tin-lead alloy (60% tin. 
40% lead) may be deposited electrolytically 
using a conventional fluoborate bath, and 
the cathode component may then be etched 

20 using an ammonium persulphate solution 
which has a negjigible effect on* the tin- 
lead alloy. 

Refea^ring now to Figs. 7 to 9, the appa- 
ratus there shown comprises a tank 1.15 

25 provided on two opposite walls with 
flexible bags 116, 117 which can be inflated 
through pipes 118, 119 respectively. When 
the bags are inflated in operation, they press 
together an anode component 120; a mask 

30 121 comprising a porous support member 
122 to which is bonded an insulating mask- 
ing means 123; a cathode component 124; 
a mask 125 comprising a poious support 
membeff 126 to which is bonded an insulat- 

35 ing masking means 127; aq4.aii anode com- 
ponent 128. The masks 121, 125 may be 
formed genially as described for the mask 
105 of Fig. 6, except that the porous sup- 
port members 122, '126 are each provided 

40 with an inlet passage 130 (Figs. 8 and 9) 
communicating with a plurality of parallel 
narrow channels 131 fomed in the surface 
to which the respective insulating masking 
means 123 or 127 is secured. The open- 

45 ings in the insulating masking means com- 
mmiicate with one or more of the channels 
131. as indicated for the opening 132 in 
Fig. 9. 

The cathode component 124 is metallised 

50 on both sides, anS electrical connections 
to the metallisation of the cathode com- 
ponent and to the anode components are 
shown diagramatically in Fig. 9. 

In operation electrolyte is pumped to 

35 the inlet passage 130 of each mask, and 
drains into the tank 115. From there, the 
electrolyte is d^wn througjh apparatus (not 
shown) comprising a filter, and means for 
replacing agents lost from the electrolyte 

§0 during deposition, before returning to the 
pump feeding each inlet passage 130. The 
apparatus is panticuJarly usefijl for ob- 
taining bright copper deposits on the 
cathode compcment 124, using an acid 

65 copper sulphate solution as the electrolyte 



with additional agents governing the 
"brightness" of the copper deposited. Such 
additional agents would be relatively quickly 
exhausted in "stagnant" electrolyte, but cir- 
culatmg the dtectrolyte enables more of the 70 
additional agents to be added to the 
electrolyte during the deix>sition, so that 
their concentration in the electrolyte re- 
mains constant. 

The electrolyte reaches the anode com- 75 
ponents by way of the respective porous 
support member 122 or 126. If desired, 
furSieir channels can be formed in the 
porous support members 122, 126 adjacent 
the anode components 120, 128 so that 50 
electroly te flk>ws in contact with the anode 
components. 

Another advantage of using a flowing 
electrolyte is that Sie current density can 
be increased to reduce the total plating 155 
time required for depositing a given quan- 
tity of metal. 

If desired, the suction side of the pump 
(not shown) can be connected to the two 
passages 130,. and the tank 115 can be kept 90 
fill^ with electrolyte to a level above that 
of the bottom ends of the channels 131. 
With this arrangement, the suction would 
assist to some .^ctent in keeping each 
mask 121, 125 pressed against the cathode 95 
component 124. 

A furthCT possibility with the apparatus 
of Fijs. 7 to 9, is to use inert insoluble • 
anode componebts; e.g. of platinum or 
^aphite and to use several plating solu- 100 
tions in succession from which dmexent 
metal ions can be deposited, on the 
cathode component In this way. for ex- 
ample, copper can first be deposited, and 
then gold on top of the copper.'The plating r05 
solutioiK, asnd a washing solution, would be 
kept in separate tanks, each of which 
could be connected to the pump (and the 
tank) by its own pipes and valves. Since 
in this case soluble anodes are not used. 110 
the strength of the platmg solutions will 
vary during deposition unless ajypropriate 
materials are pio^cessively added in appro- 
priate quantities. 

The invention is applicable to electroless 1 15 
platmg as well as to electrolytic plating, and 
it is considered that the modifications re- 
quired for the apparatus previously de- 
scribed will be apparent to iose skilled in 
the art. For example, with the apparatus of 120 
Figs. 7, 8 and 9, the anode components 
126, 128 would be omitted, and the cathode 
component 124 would be metalBsed, but 
would consist of the substrate only. Assum- 
ing that copper is to be deposited on the 125 
substrate (124), first the substrate is "sMisi- 
tised" by ^pping In stannous chloride solu- 
tion and pa^bdium chloride solution, .^d 
immediately aft^. it is wa^ed hi watei. 
and placed Between the mask^ 121, 125, [30 
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vAnch axe then inserted between the bags 
116 117. The bags are inflated to press 
the' masks against the substrate, and a 
suitable electroless copper deposition solu- 
5 tion is pumped to the inlet passage 130 ot 
each mask. Electroless deposition takes 
place on all "sensitised" areas of the sub- 
strate not in contact with the , insulating 
masking means. 123, 127. Deposition takes 

10 place slowly, but there is no need to etch 
metaUised coppex on the substrate after 
depositicm. Electroless deposition could 
also be carried out using the apparatus ot 
Fig. 6. and in this case, the cathode com- 

15 ponent 104 would not be metallised, and the 
anode 110 would be omitted. 

For both electrolytic and electroless 
plating, the. porous support members 122. 
126 of the apparatus of Figs. 7 to 9 can 

20 be provided without the grooves 131, but 
fitted with suitable sealing means to con- 
tain and direct the flow of workmg fluid 
so that it flows from one edge of each sup- 
port member to the opposite edg^. In fact 

25 this arrangement has been found prefer- 
able. ^. u 
The apparatus shown in Fig. 10 can be 
used for mass production of plated cir- 
cuits. It comprises a tank 135 contammg 

30 electrolyte in the. form of an add copper 
sulphate solution. Spaced about the tank 
are four rollers 136. 137. 138 and 139 round 
which an endless belt 140 passes. The belt 
140 co-acts with a cylinder 141 between the 

35 rollers 136, 137 to hold the cylinder on its 
axis when the belt is advanced by a motor 
134 comiected to the roller 137. Flexible 
strip material 142 m the form of an in- 
sulating substrate metallised with evaj^- 

40 rated copper on the surface which faces the 
cylinder 141 passes from a feed roll 143 
between the belt and the cylinder to a take- 
up roll 144. A. roller 145 connected to the 
negative of a D.C. electric power supply 

45 contacts &e metallised surface of the stnp 
142. and a copper anode 146 is immersed 
in the electrolyte and is connected to the 
positive of the D.C. power supply. 
The cylinder 141 comprises a porous 

50 cylindrical support member 150 round 
which a cylindrical insulating masking 
means 151 is secured. The insulating mask- 
ing means is provided with openings by any 
<of the methods previously described, so that 

lis electrolyte can reach the metallised surface 
of the strip through the porous support 
member 150 and the openings m the m- 
sulating masking means 151. 
The belt speed and current can be deter- 

60 mined theoretically or experimentally. ThQ 
plated strip material on the take-up roll 
144 still requires to be lightly etched and 
washed. The strip material could of ooinse 
be passed through an etching bath and a 

65 washing bath before it is wound on the 



take-up roll. . ^. ,a -u 

The apparatus shown m Fig. 10 can be 
modified by arranging the belt 140 and its 
rollers 136 to 139 so that the belt does 
not pass round the tank as it travels from /u» 
roUer 137 to roller 13^. e.g. by locatmg die 
rollers 138, 139 withm the tank. This 
arrangement ensures that matenal does not 
crystallise on the belt as it returns from 
roller 137 to roller 136. ^ , 

It is not an essential requirement of the 
invention that the engagement surface of 
the insulating masking means be planar: 
the engagement surface should be oomple- 
mentary in shape to the surface of the work- 8U 
piece against which it is to be placed, apart 
from where the openings occur in me en- 
gagement surface. Thus metal can be de- 
posited m accordance with the invention on 
workpieces having an irregular surface. 85 
WHAT WE CLAIM IS:— 

1. A method of electrolytic or electroless 
deposition on a workpiece using an insu- 
lating masking means defining one or more 
OTjenings extending from an otherwise im- 90 
permeable engagement surface of the in- 
sulating masking means, and a porous 
support member, mcluding placing said en- 
gagement surface from which said one or 
more openings extend against the work- 95 
piece so that the workpiece seals one end 

of each of said one or more openmgs. the 
opposite end of each of said one or more 
openings being covered by said support 
member which backs and exerts pressure 100 
against said masking means, and effecting 
deposition by an electrolytic or electroless 
process selectively on the workpiece on the 
area or areas thereof registering with said 
one or more openings using a deposition 105 
solution present in said one or more open- 
ings and in said support member. 

2. A method of electrolytic or electroless 
deposition on a workpiece using an insu- 
lating masking means defining one or more HO 
openmgs extending from an otherwise im- 
permeable engagement surface of the in- 
sulating masking means, and a porous sup- 
port member, including bringing said en- 
gagement surface from which said one or 115 
more openings extend into engagement with 

the workpiece so that the workpiece seals 
one end of at least one of said one or more 
openings, the opposite ead of said at least 
one opening being covered by said support 130 
member which backs and exerts p^sure 
against said masking means, and effectmg 
deposition by an electrolytic or electroless 
process selectively on the workpiece on 
5ie area or areas thereof registenng with 125 
the opening or openings sealed by the 
workpiece using a deposition solution pre- 
sent in said support member and m the 
opsnmg or openings sealed by the work- 
piece. 
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3. A method as claimed m claim 1 or 2 
including forming said insulating masking 
means by exposing one or more selected 
areas of one surface of a sheet or layer of 

5 photosensitive insulating material to suit- 
able radiation, developing said sheet or 
layer to form said openings extending from 
said one surface, and using said one sur- 
face as said engagemeoit surface. 

JO 4, A method as claimed in claim 3, in- 
cluding bonding said sheet or layer of 
photosensitive matctrial, before it is ex- 
posed, to said support member, the support 
member supporting said sheet or layer dnr- 

J 5 ing exposure and development thereof and 
during deposition on the workpiece, the 
development resulting in the formation of 
said openings which extend thiough the 
entire thickness of said sheet or layer and 

20 to the support member. 

5. A method as claimed in claim 4 in 
which said support member is made of 
metal and serves as an anode in electo- 
lytic deposition on the workpiece. 

23 6. A method as claimed in claim 5, in- 
cluding etching said anode through said 
openings prior to the electrolytic deposi- 
tion, to form recesses in. the anode register- 
ing with said openings. 

30 7. A method as claimed in any of claims 
1 to 4 in which said support member is 
made of a synthetic plastic material. 

8. A method as claimed in any one of 
the preceding claims in which said support 

33 member is adapted to direct a flow of 
liquid across the interface between the in- 
sulating masking means and the support 
member so that the liquid can enter the 
openings in the insulating masking means, 

40 the method including so directing a flow of 
electrolyte, or electroless deposition solu- 
tion, and /or a washing or rinsing liquid. 

9. A method as claimed in claim 8 in 
which said support member serves to direct 

43 a flow of electrolyte or electroless deposition 
solution, the method including re-circulat- 
ing the electrolyte or electroless deposition 
solution through the support member while 
maintaining constant the concentration of ±e 

50 constituents in the electrolyte or the electro- 
less deposition solution. 

10. A method as claimed in claim 8 or 9 
including directing a first liquid through 
the support member so that a first metal is 

33 deposited on the workpiece, and then direct- 
ing a second liquid through the support 
member so that a second metal is depo- 
sited on the first metal on the workpiece. 

11. A method as claimed in claim 7 as 
60 dependent on claim 2 in which said support 

member has a cylindrical form, and said 
insulatmg masking means extends round 
said suppoit member. 

12. A method as claimed in any one of 
65 claims 1 to 10, in which said insulating 



masking means is pressed against the work- 
piece during deposition by fluid pressure. 

13. A method as claimed in any one of 
the preceding claims in which metal is de- 
posited electrol3^caily or electrolessly on 70 
both sides of the workpiece simultaneously, 
each side of the workpiece being associated 
with a respective insulating masking means. 

14. A method as claimed in any one of 
the preceding claims in which after depo- 73 
sition has been carried out on a surface 

of the workpiece, that surface is built up with 
insulating material to the level of the de- 
posits thereon, and the method is repeated 
on the new isurface of the workpiece using go 
a diflterent insulatimg masking means. 

15. A method of electrolytic deposition 
on a workpiece, substantially as described 
with reference to Figs. 1 and 2 of the 
accompanying drawings. 83 

16. A method of electrolytic deposition 
on a workpiece, substantially as described 
with reference to Figs. 3a and 3b ^of the 
accompanying drawings. 

17. A method of electrolytic deposition 90 
on a workpiece, substantially as described 
with reference to Fig. 5 of the accompany- 
ing drawings. 

18. A method of electrolytic or electro- 
less deposition on a workpiece, substan- 93 
tijdly as described with reference to Fig. 

6 of the accompanying drawings. 

19. A method of electrolytic or electro- 
less deposition on. a workpiece, substan- 
tially as described with reference to Figs. lOO 
7, 8 and 9 of the accompanying drawings. 

20. A method of electrolytic or electro- 
less deposition, substantially as described 
with reference to Fig. 10 of the accom- 
panying drawings. 105 

21. A method of making a "printed" cir- 
cuit including depositing metal electrolytic- 
ally or electrolessly on a workpiece by a 
method as claimed in any one of the pre- 
ceding claims. 1 10 

22. A vrorkpiece on which metal has 
been deposited electrolytically or electro- 
lessly by a method as daimcd in any one 
of the preceding claims. 

23. A "printed" circuit having at least U5 
one conducting clement deposited thereon 
electrolytically or electrolessly by a method 

as claimed in claim 21. 

24. Electrolytic deposition apparatus 
substantially as described with reference to 120 
Figs. 1 and 2 of the accompanying drawings. 

25. Electrolytic deposition apparatus sub- 
stantially as described with reference to 
Figs. 3a and 3b of the accompanying draw- 
ings. 125 

26. Electrolytic or electroless deposition 
apparatus substantiaUy as described wi'th 
reference to Fig. 6 of the accompanying 
drawings. 

27. Electrolytic or electroless deposition 130 
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